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[57] ABSTRACT 

The dual band code division nuiltq)le access radio of the 
present invention operates on multiple frequencies sinmlta- ^ 
neously on either transmit or receive. The transmit palh 
operates by splitting the transmit intermediate frequency 
(IF) path (1^3) and mixing the IF to two different transmit 
frequencies using two frequency synthesizers (140 and 145). 
The receive path (104) has two RF diannels (116 and 117) 
that are mixed with the frequencies generated by flie syn- : 
thesizers (140 and 14S) and summed into one IF strip. Thus^j 
the radio of the|Hesem invention can perform a soft hand-off 
between frequencies while communicating with both basc^ 
stations simultaneously. Additional mixing paths and syn- 
thesizers can be added if it is desired to communicate with 
more than two base stations simultaneously. 

16 Claims, 3 Drawing Sheets 
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MULTIPLE FREQUENCY 
COMMUNICATION DEVICE 

BACKGROUND OF THE INVENTION 
L Rdd of the Invention 3 
The present invention relates to radio comnuinications. 
More particularly, the present invention relates to radios 
having the capal^ty of comnuinicating over more tiian one 
frequency simultaneously, 
n. Description of the Related Art 
There are presently numeious different radiotdqihone 
systems. The cellular analog advanced mobile phone system 
(AMPS)» the two digital cellular systems: code division 
multiple access (CDMA) and time division multiple access 
(TDMA). or the new personal communicatioa systems 
(PCS) that can use both TDMA and CDMA technologies. 
The CDMA cellular system is described in greater detail in 
Telecommunications Industry Assodation/ElectFomc Indus- 
tries Association (IIA/EIA) Interim Standard IS-95. 

The CDMA cellular system and the CDMA PCS share ^ 
some conmion attributes. They arc typically composed of 
numerous fixed base stations, each base station transmitting 
over a forward channel in a cellular area to one or tdosc 
mobile radios. 

The cell's base station is connected to the public switched ^ 
telqihone netwodc (PSTN). This mables a mobile radio 
transmitting within the celi^ over a reverse channel, to 
commumcate with a land line telephone through the base 
station. Additionally, a mobile radio can communicate 
through the base stations and the PSTN to another mobile 3^ 
radio in the same ceil or another cell. \ 
In a CDMA cellular telephone system or a CDMA PCS, \ 
a conunon frequency band is used for communication with | 
all base stations in a system. The common frequency band a 
allows simultaneous communication between a mobile radio U ^ 
and noore than one base station. The transmitters operate at i 
a low power allowing the frequencies to be reused in nearby ^ 
systems without sutvstantial intcifcreocc. 
I Signals occqyying the conunon frequency band arc dis- 
I' criminated at the receiving terminal (either wittiin the 40 
j| mobile radio or base station) through the spread apeclnim 
I CDMA waveform properties based on the use of hi^ speed 
pscudo noise (PN) codes and orthogonal Walsh codes. Hie 
hig^ speed PN codes and orthogonal Walsh codes are used 
to modulate sig;nals transmitted frcnn the base stations and 45 
the nK>bile radios. Transmitting tenninals (either within a 
mobile radio or within a base station), using different PN 
codes or PN codes that are offset in time, produce signals 
dial can be separately received at the receiving terminal. 

In a typical CDMA system, each base station transmits a 50 
pilot signal having a common PN spreading code that is 
offset in code phase from the pilot signal of other t>ase 
stations. During system operation, the mobile radio is pro- 
vided with a list of code phase offsets conesponding to 
neighboring base stations surrounding the base station S5 
through which conmumication is established. The ntotiile 
radio is equipped with a searching dement tfiat allows the 
mobile radio to acquire and track the signal strength of the 
pilot signal from a group of base stations including the 
neighboring base stations. 60 

CDMA technology provides for soft hand-off between 
cells across one frequency by the changing of code phase 
offsets. When there is a need to use more than <Mie frequency 
so that a haod-off between two frequencies is required, a 
hard hand-off is pcrf onned. Hand-off between sectors of one 65 
cell across one frequency is referred to in the art as a softer 
hand-off. 



2 

A method and system for providing a communication with 
the mobile radio through more tiian one base station during 
the hand-off process are disclosed in U.S. Pat. No. 5^67,261 
issued Nov. 30, 1993, titled Mobile Assisted Soft Hand-Off 
In a CDMA Cellular Telephone System and assigned to the 
assignee of the present invention. Using this system, com- 
munication between the mobile radio and the end user is 
uninteanipted by the eventual hand-off from an original base 
station to a subsequent base station. This type of hand-off 
may be considered as a "soft" hand-off in that communica- 
tion with the subsequent base station is established before 
comnuinication with the origiaal base Nation is terminated 
When the mobile radio is in communication with two base 
stations, a single signal for the end user is created from the 
signals frt>m each base station by a cellular or personal 
conununication system controller. 

Mobile radio assisted soft hand-off operates based on the 
pilot signal strength of several sets of base stations as 
measured by the mobile radio. The Active Set is the set of 
base staticms through which active communication is estab- 
lished. The Neighbor Set is a set of base ^ons sutrounding 
an active base station comprising base stations that have a 
high probability having a pilot signal strength of sufBcient 
level to establish communication. The Candidate Set is a set 
of base stations having a pilot signal strength of sufGcient 
level to establish communication. 

When communications are initially established, a mobile 
radio comnmnicates throi^ a first t>ase station and the 
Active Set contains only the first base station. The mobile 
radio nkonitors the ihIoc signal strength of the base stations 
of the Active Set, the Candidate Set, and the Neighbor Set 
When a pHot dga&i of a base station in the Neighbor Set 
exceeds a predetermined threshold level, the base station is 
added to the Candidate Set and removed from the Neighbor 
Set at the mobile radio. 

The mobile radio communicates a message to the first 
base station identifying the new base station. A cellular or 
PCS controUcx decides whether to establish communication 
between the new base station and the mobile radio. Should 
the cellular or KS controller decide to do so. the controller 
sends a message to the new base station with identifying 
infonnatioD about the mobile radio and a command to 
establish communications with the mobile radia 

A message is also transmitted to the mobile radio through 
the first base station. The message identifies a new Active 
Set that includes the first and the new t>ase stations. The 
mobile radio seardtes for the new base station's transmitted 
infonnatioa signal and communicaticm is established with 
the new base station without termination of communication 
through the first base station. This process can continue with 
additional base stations. 

When the mobile radio is communicating through mul- 
t^le base stations, it continues to monitor the signal strength 
of the base stations g[ the Active Set, the (Candidate Set and 
the Nd^bor Set Should the signal strength corresponding 
to a base station of die Active Set drop below a predeter- 
mined threshold fot a predetemiined period of time, the 
mobile radio generates and transmits a message to report the 
event The cellular or PCS controller receives this message 
through at least <Hie of the base stations with which the 
mobile radio is communicating. The controller may decide 
to terminate comnuinications through the base station hav- 
ing a weak pilot signal strength. 

The controller, upon deciding to terminate comnuinica- 
tions throu^ a base station, generates a message identifying 
a new Active Set of base stations. The new Active Set does 
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not contain the base station through which communication is frequencies simultaneously^ communicate on one frequency 

to be tdminated The base stations through which commu- while seardung others, and to perform a soft hand-off 

nication is established send a message to die mobile radio. between frequencies. This alleviates the problem of the prior 

The controller also communicates infonnation to the base art of s^tling time of a frequency synthesizer since the 

station to terminate communications with the mobile radio. 5 fr^uency synthesizers do not have to change frequencies as 

The mobile radio ooramunicatioos are thus routed only rapidly and as frequently as i^eviously required. It also 

through base stations identified in the new Active Set avoids an intenuption in communications, as normally 

Because the mobile radio is communicating with the end results from monitoring one frequency at a time, 
user through at least one base station at all times throughout DF^rRnmoN OF THE DRAWINGS 

the soft hand-off process, no intenuption in communications lo BRIEF DESCRIFnON OF THE DRAWIN0J> 
occurs between the mobile radio and the end user. A soft jqQ i shows a block diagram of tfic multiple band radio 

hand-off provides significant benefits in its inheicnt **make of the present invention. 

bcfc^e break** communication over conventional hanl hand- ^ ^^^^ ^ embodiment of the multiple 

off at *1)reak before make^ techniques en?>loyed in other ^^^^ ^^^^ invention, 

cellular communication systems^ 15 ^^^^ ^^^^ 

When a mobile radio moves from one cell to another the invention, 

radio may need to change frequencies, i.e.» execute a hard ^ 

hand-off. This frequency change in PCS may be. due to the DETAILED DESCRIPTION OF THE 

use of Operational Fixed Services (OFS) that share the PCS PREFERRED EMBODIMENT 

spectrum. Near these OFS's, the PCS molnlc cannot use the ^ 

OFS frequency in wder to avoid inteifciencc. The PCS The aK>aratus and method of the present Invention 

mobile, therefore, has to change frequencies in these areas. enables a mobile radio to operate on multiple frequencies. 

In handing-off from one frequeocy to another, the mobile »y increasing the number of intcnncdiatc frequency paths in 

radio searches the Neighbor Set for another pUot chamicL the r^o and separately niixmgeaAsigM^ to be t^^ 

5yochK>nizing channeling channd, and traffic chamieL " to ^Uffcrent frequencies, the number of fiequenaesA^^^ 

If only the pflot and/or syndironizing channels are present, "<^o <f» comimimcate over is mcreased. TTie use of CDMA 

the mobUe radio moves on to the n«rt frequency. technology Uien allows these signals to be separated later. 

The problem with a soft hand-off from one frequency to _The ag>aratus of the present invention is iHustiatcd^ 

anothffisthatasthcmobUeradiosearchesthcNcighborSet ^ HG. 1. The apparatt^^^ 

for other pUot channels, the synthesizer must change fre- ^ and a receive path (IM). Both the transmit (lt3) and rea^^ 

qucncies rapidly while aUowing a settling time of 2 milli- paths (104) have a common automaUc gam contio (AGC) 

Lx>nds on toe frequency to enable the frequency to stabi- ^^^^^ d^f for ampLfying a signal a^ toe 

lize. This is difficult to accompash and requires a more intcmiediate frequen(^ In the prefaced cmbodmient, the 

complex design to do so. Additionally, toe mobile must 33 receive mtermediate frfq^^^^ &5 MIfe andtransmU 

leave toe fre^icncy being used, causing an interruption in intennedxate frequency isUO MHz. Alternate embodiments 

communications. Thcrcisaresultingneedfcraneconomical "^e otiier intcmiediatc frcqucnaes. 
radio that can rapidly communicate over multiple The comnaon AGC amidifiars (101 and 102) are used for 

frcquaides. tous allowing toe mobile radio to cffidentiy boto open loop power control and closed loop power control 

perform a soft hand-off b^een frequencies. ^ of toe radio. Opoi loop power coirtrol is exited in greater 

detail in U.S. Pat No. 5,056,109 to Gilhousen ct al. and 

SUMMARY OF THE INVENTION assigned to Qualcomm, IncoiporalBd. Open loop power 

/ The present invention cnconq>asses a mult^>le band radio <^^^ « acconq)Ushed by toe radio estimating toe pato loss 

Jtoat can transmit and receive multq>le frequency signals of tiic forward link based on the total power received by toe 

j simultaneously. The radio has a transmit pato and a recdve 45 radio.Thetotalpowcris toe sum of toe power from all base 

pato. The transmit pato is conned of a plurality of mixing stations operating on the same frequency assignment as 

patos. Each mixing pato has an anq>afier whose input is perceived by toe radio. From tiic estimate of the average 

coupled to tiie signal to be transmitted. The ou^t of each fofwanl ciiannel loss, toe radio sm toe transmit level of toe 

anmlificr is coupled to an ii^jut of a mixer. Anotoer input of averse channel signal to coo^nsate for toe channel loss, 

toe mixers is coupled to an output of a frequency syntoe- 50 ^^^'^ ^ accomplished through com- 

sizcr. The resulting signals from toe mixers are summed by mands from toe base station. 

a summer. The sum signal is iiqjut to a power amplifier The ^^atus of the present invention perfc»ms this 

which inputs toe signal to an antenna to t>e radiated. power control using toe common AGC amplifiers (101 and 

The receive pato is comprised of an amplifier coupled to K^). When a signal is received by Ac radio, toe gain of «e 
toe antenna for anq)lifying received signals. The output of 53 common AGC amplifier (102) is adjusted so toat toe 

toeamplifierisinputtoaplurality of downconvcrtingpatos. gain of toe receiver is substantially equal to toe gam of toe 

Each down converting pato has a mixer coupled to toe transmitter minus 73 dB. The diffeienoe is toe estimated pato 

amplified signal. Anotoer input of each mixer is coupled to 1^^- 

toe frequency syntoesizcrs. The resulting down converted The transmit pato (103) of toe apparatus of toe present 

signals are input to filters. The output of each filters is input eo invention is furtoer comprised of multiple mixing patos (DO 

to a variable gain aii^)lifier. The anqylified signals from the and 115), In toe pr^ecred embodiment toere are two mixing 

down converting patos are input to a summer. The sum paths (110 and 115) enabling toe radio to communicate on 

signal is tocn ii^t to a common filter that generates a signal two different frequencies simultaneously. Alternate embodi- 

for use by toe rest of the radio. ments could use more toan two mixing paths to enable toe 

The rmdtiple frequency syntoesizcrs in combination wito 63 radio to communicate wito a larger number of base stations.^ 
1 toe nMiltq)le transmit and receive paths enables toe apparatus Each mixing pato (110 and 115) contains a differential 

^ of toe present invention to transmit and receive on multq)le AGC amplifier (120 and 125) each feeding toe input of a 
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mixer (130 and 135). These ainplifiers (12# and 125) have diflPcrendal ampMers and 125) in die transmit path, 

a variable gain that is adjustable over a 20 dB range, in the The receive diffaential angers (142 and 152) oonnaUy 

prcfoxcd embodiment Alternate embodiments have differ- have a gain that is ^oxiimtely equal. The gam of one can 

Tnt ranges for the an^lificr gain. be offset from the other, however, to wphmze; one signal 

nic inputs to the differential AGC amplifies (120 and 5 frequency over die otfier Tins enables the mobUe to naomto^ 

12S)arccoiq)lcdtothcoutputofthetransmitcommonAGC either frequency channel or both at once. 

^ anmliJicr (101). The differential AGC amplifiers (120 and The ou^ts of the receive differential amplifiers (142 and 

f 125) amplify the signal to be transmitted. During normal 152) are input to a sunmicr (162) that adds dicm together. 

■ f operation of foe radio, the gain of one of the ampliflers is set The sum signal from the summer (162) is input to a bandpass 
ill to zero. When the radio is handing-off or seardiing another lO fijtcr (172) for filtering. In the prefened embodiment tius 

) t frequency, die gains are approximately equal If it is desired bandpass filter (172) is a surface acoustic wave (SAW) filter. 

V to diange the hand-off region of the system, one gain can be The filtered signal is input to the common AGC amphfier 

increased over the other. This increases foe transmit powa (102) that was explained in greater detaU above. The ampU- 

i erf one signal over the other and therefore the distance the ficd signal from this amplifier (102) is then input to the 

radio can operate from the base station using the frequency i5 radioes circuitry for further processing as is already known 

' of the higher power signal. in ^le art TIA/EIA IS-95 describes this processing in greater 

Frequency synthesizers (140 and 145) are coupled to the <i&taSl, 
odier inputs of the mixers (130 and 135). These synthesizers ff the differential AGC amplifiers (120. 125. 14Z and 152) 

(140 and 145), in the prrfcircd embodiment are variable are always set equal, in other words the hand-cff region is 

frequency synthesizers diat cova-thc frequency q?ectrumset ^0 always at the equal power point the anvlificrs (120. 125, 

aside for cither the cellular radiotelephone systems or the 142, and 152) can be replaced by switches (220, 225, 242, 

personal communication systems. The frequency output by and 252). Sudi an embodiment is iUustrated in HG. 2. The 

die synthesizers (140 and 145) is controlled by the radio's switches can take flie fom of diodes, transistors, relays, or 

microcontr<dler. The radio receives instructions from the other switch devices to allow the circuit to be simplified. 

I base stations on what frequency to operate and the micro- " This alternate enabodiment operates in a similar fashion to 

I controller varies the frequency of the synthesizers (140 and the preferred embodiment, the difference being the switdies. 

1 145) so that the radio transmits and receives at diese The switch position is controlled by the radio's 

I; frequencies. miciocontroUcr, depending on the number of frequencies 

Each mixer (130 and 135) In the mixing paths (110 and • required by foe radio, ff the radio is not operating near foe 

U5) muWpUes the signal from its respective differential ^ hand-offtegionof foe ceUular system, only one frequency is 

AQC amplifier (120 or 125) wifo foe signal from foe required and, foereforc, only one switch in each pafo is 

respective frequency synfoesizcr (140 ot 145). TTie outputs dosed. As foe radio i5)proaches the hand-off region, foe 

erf both mixers (130 and 135) arc combined by a summer second switdi in each pafo is closed to enable the radio to 

(160). The sum signal is anq>lified by a power amplifier communicate over multii^e frequencies. 
(165). In foe prcfenred embodiment foe anq)lifier (165) is set Yet another altanate embodiment is lUusiratcd in FIG. 3. 

at a gain of (^jproximately 30 dB. Alternate enibodiments The structure and operation of foe receive pafo of this 

use ofocr gains depending on the noise levels of foe com- embodiment is foe same as foe preferred embodiment The 

ponents. transmit pafo (301) of fois embodiment however, is oom- 

The amplified signal is input to a duplexcr (170) foat is ^ i^ised of foe common AGC amplifier (302), perfwming foe 

connected to an antenna (175). The dupicxer (170) enables same dosed loop power control function as in foe fffeferred 

the antenna (175) to be connected to bofo foe transmit (103) embodiment a mixer (310), a bandpass filter (330), and a 

and receive pafos (104) by separating foe transmitted signals power anq>lifier (315). 

^ from foe recdved signals. TWo frequency synfocsizCTS (320 and 325) each generate 

' The recdve pafo (104) is comprised of a low noise 43 a signal having a different frequency. A switdi or multi- 

anq)lificr (180) feeding multiple down converting pafos (116 plcxer (330) connects bofo of the frequency synfoesizers to 

andll7),cadipafodown converting areceivedsignaltofoe foe mixer (310). The switdi is coniroUed by foe radioes 

same IF frequency. The low noise an^lifier amplifies foe microcontroller as are foe frequency synfoesizers (320 andl 

receivcdsignalby a gain of 20 dB in the preferred embodi- 325). Hie radio can now r^idly switdi between foe first] 

jncnt JO frequency synfoesizcr (320) and foe second frequency syn- 

In foe pcefeired embodiment foe amplified signal is input thesizcr (325) as required by foe f5requency of each base 

to foe two down converting pafos (116 and 117). Alternate station wifo which foe radio is communicating. These frc- 

embodiments use more down converting pafos if it is desired quencics arc determined by foe received signals smce this 

to communicate wifo more than two base stations sinuilu- alternate embodiment can still receive on mult^ile frequen- 
neously. 55 
Each down converting pafo (116 and 117) is comprised of The ou^ut of foe amplifier (302) is mput to foe mixer 

■ 4 a mixer (185 and 190) that combines the frequency from one (310). The other input of foe mixer (310) is connected to foe 
i I of foe frequency synfoesizers (140 cr 145) wifo foe recdved, switch (330). When syntiiesizer 1 (320) is needed, foe switch 

amplified signal. Therefore, if a mixing pafo (110 or 115) connects it to foe mixer (310). When synfoesizcr 2 (325) is 
r operates at a frequency of 850 MHz, focrc is a corresponding « needed, foe switch (330) disconnects synfoesizcr 1 (320) and 

down converting pafo (116 cr 117) foat also operates at foat connects synfoesizcr 2 (325) to foe mixer (310). If m other 

/I frequency offset by foe duplexes offset Band pass fillers alternate embodiments additional synfoesizers arc used, foe 

1 (122 and 132) are used to filter foe signals from foe mixers operation of foe switch would be foe same. 
(185 and 190). The bandi>ass filter (330) filters foe ou^t of foe mixer 

The outputs of foe bandpass filters (122 and 132) are each 65 (310). As in foe preferred embodiment foe pass band of foe 

anqjUfied by a differential aixq)lifier (142 and 152). The filter (330) is adjusted depending on the signal desired from 

an^lifiers (142 and 152) operate in a similar fashion to foe foe mixer (310). 
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The ou^ut of the bandpass filter (539) is input to a power 
anoplifier (315). As in the prcfored embodiment, this anipli- 
fier is adjusted to the desired transmit power required for the 
cellular radio system in which the jq)paratus of the present 
invention opcndt$. 

The alternate embodiment of FIG. 3 cannot transmit on 
multiple frequencies simultaneously. However, it can 
receive and down convert multiple frequencies simulta- 
neously. This embodiment requires fewer components and 
therefore is less expensive and needs less real estate on a 
printed circuit board than the preferred embodiment since it 
does not require additional amplifiers, mixers, and ban<l^ass 
filters. Yet another advantage is that the power amplifier only 
has to transmit one frequency at a time. This is critical to 
maintain linearity and efficiency of the power aiiq>lifier. 

We claim: 

1. A method for transmitting same information simultar 
jneously on a plurality of transmit frequencies with a dual 
mode radio communication device, a first mode being single 
frequency operation and a second mode being dual fre- 
quency operation, the radio c<»mnunicati(Hi device operating 
in a cellular radio environment having a plurality of base 
stations, each base station communicating within a ceiL the 
ioKtbod comprising the steps of: 

generating a signal to be transmitted; 

altering the signal by a first gain to produce a first gain 
adjusted signal; 

altering the signal by a second gain to produce a second 
gain adjusted signaL said second gain being substan- 
tially zero in said first mode and non-zero in said 
second mode; 

muitq>lying the first gain adjusted signal by a fixst oscU- 
later signal having a first frequency to produce a first 
transmit frequency signal; 

multq>lying the second gain adjusted signal by a second 
oscillator signal having a second frequency to produce 
a second transmit frequracy signal, said first and sec- 
ond transmit frequency signals carrying said same 
information; 

summing the first and second transmit frequency signals 

to produce a sunmied signal; 
power axnplifying the summed signal to produce a power 

amplified signal; and 
radiating the power amplified signal fipom an antenna, 

2. A niethod fot receiving a same infonnation signal 
simultaneously on a plurality receive frequencies with a 
dual-mode radio, a first mode being single frequency opera- 
tion and a second mode being dual frequency operation, the 
dual-mode radio operating in a cellular radio environment 
having a plurality of base stations, each base station com- 
municating within a cell, the method com|»ising the steps 
of: 

receiving a first signal fix)m a first base station and a 
sec<Hid signal firom a second base station when in said 
second mode, the first and second base stations being of 
the plurality of base stations, said first and second 
signals carrying said same infonnation; 

amplifying the first and second signals to produce an 
amplified received signal; 

multq>lying the amplified received signal by a first signal 
having a first frequency to i»oduce a first down con- 
verted signal; 

multiplying the aix^lificd received signal by a seccmd 
signaL having a second frequency to produce a second 
down converted signal; 
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filtering the first and second down converted signals to 

produce first and second filtered signals; 
altering the first filtered signal by a first gain to jHoduce 

a first amplified, filtered signal; 
altering the second filtered signal by a second gain to 
produce a second anq>lified, filtered signal, said second 
gain being substantially equal to zero when in said first 
mode and non-zero when in said second mode; 
summing the first and second anq>lified. filtered signals to 

produce a summed signal; and 
filtering the summed signal. 

3. The method of claim 2 wherein the first and second 
gains are determined in response to receive power levels of 
the first and second signals. 

4. The method of claim 2 wherein the first gain is 
inaeased as die distance between the first base station and 
the radio comnmnication device increases. 

5. The method of claim 2 and further including tiie step of 
increasing the first gain until it is substantially equal to the 

20 second gain when the radio communication device is in a 
hand-<^ region between the first base station and the second 
base station. 

6. A method for transmitting multiple signals, each signal 
having a different frequency, with a dual mode radio, a first 
mode being single frequency operation and a second mode 
being dual frequency operation, the radio having a transmit 
path comprising a plurality mixing paths, the radio 
operating in a cellular radio environment having a plurality 
of base stations, each base station conununicating wi^ a 

30 cell, the method comprising the steps of: 
generating a signal to be transmitted; 
altering the signal by a gain to produce a gain adjusted 
signal; 

if the radio is in fiie first mode, preventing die gain 
adjusted signal fixxm being conducted through more 
than one mixing path; 
if the radio is in the second mode, conducting the gain 
adjusted signal through at least two of the plurality of 
mixing paths; 

multiplying each gain adjusted signal that is conducted 
through a mixing path of the plurality of mixing paths 
by a different oscillator signal, each oscillator signal 
having a different frequency to pcxxluce at least one 
transmit frequency signal; 
if the radio is in the second mode, summing the at least 
one transmit frequency signal to produce a summed 
signal; 

power amplifying the summed signal to produce a power 

amplified signal; and 
radiating the power amplified signal from an antenna. 

7. A method for receiving mult^le signals, each signal 
having a different frequency, with a dual mode radio, a first 
mode being single frequency opcratioD and a second mode 

33 being dual frequency operation, the radio having a receive 
path comprising a plurality of down converting paths, the 
radio operating in a cellular radio environment having a 
plurality of base stations, the nselhod conprising the steps 
of: 

in the first mode, receiving a first signal from a first t>ase 

station of the plurality of base stations; 
in the second mode, receiving a plurality signals from 
the plurality of base stations, the plurality of received 
signals each having a power level; 
io response to the mode, aiiq>lifying either the first signal 
or the plurality of signals to produce a first amplified 
signal or a plurality of amplified signals; 
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in response to the mode, multiplying either the first 
ampU&Gd signal or each of the plurality of amplified 
signals by a synthesizer signal, each synthesizer signal 
having a diftereat frequency, thus producing dthcr a 
first down converted signal or a plurality of down 
converted signals; 
in response to the mode, filtering eitiier the first down 
converted signal or the plurality of down convcited 
signals, to produce either a first filtered signal or a 
plurality of filtered signals; 
in the first mode, altering the first filtered signal by a first 

gain to produce a first ait^Ufied signal; 
in the second mode, altering a respective gain of eadi of 
the plurality of filtered signals in response to a respec- 
tive power level of each of the plurality of received 
sign^s. thus producing a plurality of amplified signals; 
in the second mode, summing the plurality of amplified 

signals to produce a summed signal; 
in the first mode, filtering the first anqslified signal to 

jx^oduoe an output signal; and 
in the second mode, filtering the summed signal to pro- 
duce said output signal. 
t'f| 8. A multiple band diversity apparams that transmits, in a 
\ first mode, a same information signal simultaneously on a 
I plurality of transmit frequencies through a transmit path and 
1 receives, in the first mode, a same communication signal 
simultaneously on a plurality receive frequencies through a 
receive path. Ihe apparatus having a second mode fcr 
; transmitting and receiving a shigle frequency signal, the 
q>paratus comprising: t 
a plurality of mixing paths in the transmit path, each of 
said plurality of mixiiig paths for upconverting said^ 
same information signal to one of said plurality of} 
transmit frequencies, each mixing path having a switch \ ^ ^ 
of a first plurality of switches and a mixer ooufded to\ 
each switch, the plurality of mixing paths coi^^led to a t 
signal to be transmitted, each mixing path providing \ 
1 said upconverted same information signal at an output; | 
Ij a plurality of down converting paths in the receive path, ^ 
each of said plurality of down converting pa&s for 
downconverting said same communication signal fix>m 
one of said plurality receive fr^uendes. each down 
converting path having a mixer that is cou|^ed to afiher 
that is coupled to a switch of a second plurality of 45 
switches, each down converting path providing said 
downconverted same communication signal at an out- 
put; 

plurality of frequency synthesizers, each frequency 
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10. A multiple frequency radio that receives a same 
communication signal on a plurality of frequencies 
simultaneously, die radio operating in a cellular radio envi- 
ronment comprising a plurality of base stations, each base 
station transmitting said same conomunication signal on said 
plurality of frequencies, the radio having a transmit path and 
a receive path, the radio comprising: 

a nmltipUer. io the transmit path, a said mult^lier having 
a plurality of L^uts and an output a iirst Input of he 
plurality of inputs coupled to a signal to be transmitted; 

a plurality of signal synthesizers, each generating a signal 
having a different frequency; 

a multq>lexing switch having a plurality of inputs and a 
switch output, each input coupled to a different one of 
the plurality of signal synthesizers, the switch output 
coiq>led to a second input of ttie plurality oi inputs of 
the mult^slier; 

a transmit amplifier in the transmit path, said transmit 
amplifier having an input coupled to the mult^lier 
output, said transmit amplifier providing an output 
signal of said transmit patii; 

a receive an:q)lifier. in the receive path, said receive 
amplifier having an input coupled to a received signal; 

a plurality of down converting paths in the receive path, 
each of said plurality of down converting paths for 
dowDConveiting said same comiminlcation signal from 
one of said plurality of frequencies, each down con- 
verting path com^Hising a mixer having an input 
coiq>led to an output of the receive aiiq)lifier and an 
iqnit coupled to a different one of the plurality of signal 
synthesizers, a filter coupled to an ou^t of the mixer, 
and a differential amplifier having a variable gain, an 
input coupled to an ou^t of die filter, and an ou^t for 
providing said downconverted same communication 
signal at an ou^t of said down converting pa0u said 
variable gain being determined by a distance between 
the radio and die plurality of base stations such that 
signals output from the phirality of diffo'cntial ampli- 
fiers are si^stantially equal in amplitude to each other; 
and 

a sununer in the receive path, said summer having an 
input coupled to the ou^ts of die plurality of differ- 
ential amplifiers. 

11. A method for transmitting same information simulta- 
neously on a plurality of transmit frequencies with a dual 
mode radio communicatiOD device, a first mode being single 
frequency operation and a second mode being dual fre- 
quency operatioiu the radio oonununlcation device operating 



synthesizer of the plurality of frequency synthesizers so in a cellular radio environment having a plurality of base 



coupled to a different nuxing path of the plurality of 
mixing paths and a different down converting padi of 
the plurality of down converting paths; 

a first summer coupled to the outputs oi the plurality of 
mixing paths, the first simimer outputting a summed 55 
transmit signal in refuse to the sum of each of the 
said upconverted same information signals; and 

a second summer couf^ed to the ou^uts of the plurality of 
down convening paths, ihe second summer outputting 
a summed receive signal in response to the sum of each tio 
of the said downconverted same communication sig- 
nals. 

9. The q^paratus of daim 8 wherein in the second mode 
only one switch of the first plurality of switches and one 
switch of the second plurality of switches is closed and in the 65 
first mode all switches of both the first and second plurality 
of switches are closed. 



stations, eadi base station communicating widiin a cell, the 
method comprising the steps of: 

generating a signal to be transmitted; 

altering the signal by a first gain to produce a first gain 
adjusted signal; 

altering the signal by a second gain to produce a second 
gain adjusted signal; 

increasing the second gain untQ it is substantially equal to 
the first gain when the radio communication device is 
in a hand-off region between a fidrst base station and a 
second base station; 

multiidying the first gain adjusted signal by a first oscil- 
lator signal having a first frequency to produce a first 
transmit frequency signal; 

multiplying the second gain adjusted signal by a second 
oscillator signal having a second frequency to produce 
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a second transmit frequency signal, said first and sec- 
ond transmit frequency sign^s carrying said same 
infonnatioa; 

summing the first and second transmit frequency signals 
to produce a sunomed signal; ^ 

power amplifying the summed signal to produce a power 
amplified signal; and 

radiating the power atiq)lified signal from an antenna. 

12. A multiple frequency dual-mode recciva for receiving 
a same information signal simultaneously on a plurality 
receive frtxjucncies. a first mode being single frequency 
operation and a second mode being dual fr'equency 
opciation. said multiple frequency dual-mode receiver oper- 
ating in a cellular radio environment having a plurality of 
base stations, said mult^le frequency receiver con^nising: 

an antenna for receiving a first signal from a first of said 
plurality of base stations and a second signal from a 
second <^ said plurality of base stations when in said 
second mode, saidfirst and second signals carrying said 20 
same infonnation; 

a receive amplifier, coupled to said antenna, for amplify- 
ing the fir^ and second signals to produce an an^>lified 
received signal; 

a first downconvertcr, coupled to said receive amplifier, 25 
said first downconverter for multiplying the amplified 
received signal by a first signal having a first frequency 
to produce a first downconvcrted signal; 

a second downconverter, coupled to said receive 
an^lifier, said second downconvener fin- multiplying 
the anq>Ufied received signal by a second signal having 
a second frequency to produce a second downconvcrted 
signal; 

a first filter, coupled to said first downconverter, said first 3, 
filter for filtering the first dowoconvoted signal to 
produce a first filtered signal; 

a second filter, coupled to said second downconverter. 
said second filter for fliteiing the second downcon- 
verted signal to produce a second filtered signal; 40 

a first variable gain amplifier, coupled to said first filter, 
said first variable gain amplifier for altering the first 
filtered signal by a first gain to produce a first amplified, 
filtered signal; 

a second variable gain amplifier, coupled lo said first filter, 
said second variaMe gain ami^er for altering the 
second filtered signal by a second gain to produce a 
second anq>lified. filtered signal, said second g;ain being 
substantially equal to zero when in said first mode and 
non-zero when In said second mode; ^ 

a summer, coupled to said first and second variable gain 
amplifiers, said summer for sunmung the first and 
second amplified, filtered signals to produce a summed 
signal; and 

a third filter, coupled to said summer, said third filter f<x 
filtering the summed signaL 

13. The multiple frequency receiver of claim 12 wherein 
said first variable gain amplifier alters said first filtered 
signal by said first gain In re^nse to a receive power level ^ 
of said first signal, and wherein said second variable gain 
an^lifier alters said second filtered signal by said second 
gfl^n in response to receive power level said second signaL 

14. The multiple frequency receiver of claim 12 wherein 
said first variable gain amplifier increases said first gain as 
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a distance between said first base station and said multiple 
frequency receiver increases. 

15. The multiple frequency receiver of claim 12 wherein 
said first variable gain anq>lifier increases said first gain until 
said first gain is substantially equal to said seccmd gain when 
said multiple frequency receiver is in a hand-off region 
between said first and second base stations. 

16. A multiple frequency receiver for receiving multiple 
signals, each signal iLBving a difi'erent frequency, said mul- 
tiple frequency receiver having a first mode being single 
frequency operation and a second mode being dual fre- 
quency operation, said multiple frequency receiver operat- 
ing in a cellular radio environment having a plurality of base 
stations, said mult^le frequency receiver comprising: 

an antenna for receiving a first signal from a first bast 
station of the plurality of base stations when in said first 
mode, and for receiving a plurality of signals from the 
plurality of base stations when is sad second mode, the 
plurality of received signal each having a power level; 

a receive amplifier, coupled to said antenna, said receive 
amplifier for anqplifying the first signal to produce a 
first anq)lified signal when in said first mode, and for 
anq>lifying the plurality of signals to produce a plural- 
ity of an4>lified signab when in said second mode; 

a plurality of downconverters. cadi downconverter 
coupled to said receive amplifier, a first of said plurality 
of downconverters for multifdying said first amplified 
signal by a first of a plurality of synthesizer signals 
tiieieby pordudng a first downconverted signal when in 
said first mode, and said plurality of downconverters 
further for respectively imilt^lying each of said plu- 
rality of anq>lified signals by a respective synthesizer 
signal of said plurality of synthesizer signals thereby 
producing a plurality of downconverted signals when in 
said second mode, each of said respective synthesizer 
signals having a different frequency; 

a plurality of filters, each of said plurality of filters 
respectively coupled to a different one of said plurality 
of downconverters, a first of said plurality of filters for 
filtering said first downconverted signal thereby pro- 
ducing a first filtered signal when in said first mode, and 
said phirality of filters further for lespectively filtering 
each of said plurality of downconvotcrs signals 
tbcieby producing a plurality of filtered signals ^en in 
said second mode; 

a plurality of variable gain aiiq>lifiers, each of said plu- 
rality of variable gain amplifiers respectively coupled 
to a different one of said plurality of filters, a first of 
said plurality of variable gain amplifters for altering 
said first in said first mode, and said plurality of 
variable gain amplifiers further for altering a respective 
gain of each of said plurality of filtered sig^ials in 
response to a respective power level of each of said 
plurality of received signals thereby producing a plu- 
rality of amplified signab when in said second mode; 

a summer, coupled to each o said plurality of variable gain 
amplifiers, said summer for summing the plurality of 
amplified signals to produce a summed signal when in 
said second mode; and 

a filter, coupled o sad summer, for filtering said first 
amplified signal whcn in said first mode and for filter- 
ing said summed signal when in said second mode. 

***** 
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